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FOREWORD 


Much has been written about knock ratings of aviation gasolines and their 
significance in regard to engine performance. Comparatively little informa- 
tion, however, has been published on volatility although admittedly it is at 
least as important, if not more so. 

The data presented in this article is the result of years of laboratory re- 
search, engine tests and, more recently, flight tests, in all of which The 
Texas Company participated. Especially within the past few years much has 
been learned about volatility from flight testing in many types of engines 
under a wide range of climatic conditions. 

This discussion on volatility contains data of value to engine builders, 
aircraft operators, and petroleum refiners alike. A clear understanding of 
volatility is vitally important to engine designers because of its effect upon 
distribution, power and cruising economy of their engines. Operators of long 
range aircraft are finding that a knowledge of fuel volatility is helpful in 
extending the range of their aircraft. The meaning of volatility is equally 
important to petroleum refiners as it guides their research towards discovery 
of better fuels, methods of increasing the supply, and lowering the cost. An 
ample supply of suitable fuel must not be overlooked, because it vitally 
affects the welfare of a nation in the event of a national emergency. 

Developments in aviation fuels have been very rapid in the past few 
years largely because all three groups have worked in close cooperation with 
each other and realized the benefits of improved quality, simplification in the 
number of grades and standardized specifications. 

The brief references to volatility of gas turbine fuels appearing in this 
article do not reflect the extent of work which is now underway. This field 
is being actively explored by the research organization of The Texas Company. 
For the most part, the discussion of volatility in this issue is confined to 


current types of spark ignition aircraft engines. 
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AVIATION FUEL VOLATILITY 


HE VOLATILITY of a substance has been de- 
fined as the relative tendency to evaporate, or 
vaporize. Evaporation represents a change 
from a liquid to a gaseous state, as demonstrated by 
the boiling of water over a fire or the evaporation 
of ethyl ether, the common anesthetic, when a can 


tion, which motion is increased in velocity as tem- 
perature increases. Near the surface, individual 
molecules which are directed toward the surface 
are constantly moving past it, out into the space 
beyond. Some of them, acted upon by the restraining 
action of the large quantities of molecules around 





of it is opened. Substances 
such as ether and alcohol 
which evaporate rapidly un- 
der atmospheric conditions 
are considered volatile mate- 
rials (or as possessing “high 
volatility’), whereas 
stances which evaporate very 
slowly unless subjected to 
extensive heating, such as 
heavy oils or tars, are con- 
sidered non-volatile or as be- 
ing possessed of ‘low volatil- 
ity. 

Thus volatility is only rela- 
tive—it is possessed to lesser 
or greater degree by all mat- 
ter. The components of air- 
oxygen, nitrogen and the 
rare gases—as well as other 
normally gaseous materials, 


sub- 


the surface, are forced back 





T IS generally agreed that the two 
| isan important characteristics of 
fuels for reciprocating aircraft en- 
gines are anti-knock quality and 
volatility. Anti-knock properties and 
their importance have been the sub- 
ject of a relatively great amount of 
discussion and review, both techni- 
cal and popular, in recent years. 
Volatility, which is at least of co- 
equal importance, has also been in- 
vestigated, from both laboratory 
and operational angles. A report on 
the knowledge that has been gained, 
prefaced with a brief review of the 
basic theory of volatility, is pre- 
sented in this article. 


into the liquid, whereas 
others escape. Likewise, some 
of the molecules in the space 
above the surface are con- 
stantly passing back into the 
liquid. With these processes 
continuously taking place, at 
any given temperature with 
an enclosed space above an 
excess of liquid, a condi- 
tion of equilibrium will be 
reached, so that the relative 
total amounts of liquid and 
vapor remain fixed. 

At this condition, the va- 
porized molecules exert a 
pressure, equally in all direc- 
tions, which is known as the 














“vapor pressure” of the sub- 





stance at the particular tem- 








are in reality ‘‘very highly volatile” substances. Ele- 
ments and compounds which are normally heavy 
liquids or solids such as mercury, carbon, or iron, 
are conversely, extremely ‘non-volatile’ substances. 

The nature of volatility and the process of evapo- 
ration can best be understood by reviewing the 
molecular theory involved. Consider a liquid com- 
posed of a single compound, for instance. In this 
liquid, the molecules are in a constant state of mo- 


perature under consideration. This pressure is due 
directly to the kinetic energy of motion of the 
vaporized moleculag particles, which motion in turn 
is dependent upon the temperature of the substance. 
Thus, the vapor pressure of a given compound is 
controlled by temperature. Figure 1 shows the effect 
of temperature on vapor pressure for iso-octane, a 
petroleum compound familiar to readers as the basis 
of the “‘octane’”’ anti-knock scale. 
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For the condition at which the vapor pressure of 
a substance is equal to atmospheric pressure, the 
corresponding temperature is equal to the boiling 
point of the substance. (Fig. 1) At this tempera- 
ture, or slightly above, the liquid changes rapidly 
into a vapor and with sufficient heat will evaporate 
entirely.* The additional heat required for vaporiza- 
tion is known as the Latent Heat of Evaporation 
and is usually expressed in BTU per pound. The 
size of this quantity varies for different substances 
but may be illustrated by the fact that the Latent 
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60 100 120 140 160 180 200 220 
TEMPERATURE, °F 
Figure 1—Vapor pressure curve of iso-octane. 


Heat of water at 212° F. is more than five times as 
large as the heat required to raise the temperature 
from the freezing point, 32° F., to 212° F. 

In practice, the heat required for evaporation may 
be supplied externally, as in the production of steam 
in a boiler, or internally, at least in part, by cooling 
of the remaining liquid as a portion is evaporated. 
The evaporation of fuel in an engine manifold is 
normally accomplished by a combination of these 
methods, using heat transferred from the engine 
parts and air. Further heat to complete vaporization 
is added near the inlet valve and in the combustion 
chamber. 

In the case of systems containing more than one 
compound, such as might be . by liquid 
water in the presence of air, if the total pressure 
above a liquid surface is held constant at a value 
below the vapor pressure of the liquid at the ambient 

*The vapor-pressure temperature curve forms che basis of the 
well-known effect of altitude upon the boiling point of water. 

At sea level, the standard atmospheric pressure is 14.7 p.s.i. 

resulting in a boiling point of 212°F.; but at 10,000 feet, the 

standard pressure is only 10.1 p.s.i., and the corresponding 


boiling point from the vapor-pressure vs, temperature curve 
only 194°F, 


LUBRICATION 


~ 





1946 


July, 


temperature, all of the liquid will evaporate. On the 
other hand, if the total pressure is maintained higher 
than equilibrium vapor pressure, only sufficient 
vapor will be formed to maintain the equilibrium 
pressure for that particular temperature. In this 
case, the vapor pressure is the ‘‘partial pressure’’ of 
the vapor, and is an additive component of the 
total pressure. In any given circumstances, the total 
pressure may be maintained by the atmosphere, for 
example, or by a vent ina fuel tank, or even by an 
aircraft engine supercharger, for the particul: ir con- 
ditions under which evaporation is taking place. 

The above is only a brief explanation of evapora- 
tion phenomena. A more detailed explanation of 
the subject and that of the evaporation of gasoline 
under various conditions is available in the litera- 
ture. 


VOLATILITY OF AVIATION FUELS 


So far, we have considered principally the vola- 
tility or evaporation tendencies of liquids composed 
of a single compound. Aviation fuels, such as 100 
Octane Aviation Gasoline, are composed of mix- 
tures of many such single compounds, which are 
practically all of hydrocarbon nature. For each in- 
dividual compound, the structure and arrangement 
of the carbon and hydrogen atoms within the mole- 
cule govern the chemical and physical properties, 
including volatility. In general, volatility, expressed 
as the boiling point, is inversely proportional to 
molecular weight; and vapor pressure vs. tempera- 
ture relationships vary consistently with the number 
of carbon atoms for compounds of similar structure. 

The volatility of aviation gasoline is governed by 
the volatility of each one of the many compounds 
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Courtesy Lycoming Division, The Atvtation Corporation 

Figure 2—The Lycoming Model 0Q-235-C four cylinder opposed 
aircraft engine rated 100 HP at 2000 RPM, sea level. 
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present in direct ratio to the proportionate amount 
of each compound. Since, for special cases, the 
actual amount of any one compound present is 
usually very small, the resultant mixture boils over 
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ASTM APPARATUS FOR DISTILLATION TEST 


Figure 3—The ASTM Distillation Test Apparatus (Method D86) 


a wide range and net volatility is only slightly in- 
fluenced by the individual compounds which are 
present. 


Distillation Tests — ASTM 

For gasoline type fuels, volatility is normally 
measured by the ASTM distillation test, (Fig. 3). 
In this test, 100 ml. of fuel are heated in a flask at 
standard rate. When the first drop falls from the 
condenser into the graduated receiver, the tempera- 
ture of the vapor in the flask is recorded as the 
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Figure 4—Representative ASTM Distillation curves for two pure 
hydrocarbons and for a 50-50 mixture of each. 


initial boiling point (I.B.P.) for the fuel. The 
temperature is then noted and recorded for succes- 
sive percentages of fuel condensed, which are 5%, 
10%, 20%, 30%, etc., up to 95%. When the 
bottom of the flask has become dry, the thermometer 
reading is recorded as the end point (E.P.). Data 
so taken is plotted as temperature versus per cent 


ATION 


distilled to indicate volatility graphically, (Fig. 4). 

The distillation of nearly pure hydrocarbons re- 
sults in practically a straight line on the ASTM dis- 
tillation curve, A and B, Fig. 4. The distillation of 
a 50-50 mixture of these compounds results in a 
curve similar to that shown in the figure. Physically, 
this result is due to carry-over of some of the heavier 
compound upon initial boiling of the lighter, and 
retention of a fraction of the lighter compound in 
solution with the heavier material as the tempera- 
ture is increased. 

Aviation fuels, being a mixture of many such 
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Figure 5—Typical ASTM Distillation characteristics for various 
types of fuels. 


compounds, as previously noted, generally have 
smooth distillation curves extending over a wide 
temperature range. Typical curves for some common 
types of fuel are given in Figure 5, to illustrate the 
characteristics and boiling range of each. These are 
controlled by the purpose and conditions of use of 
the fuel, as will be discussed later. 


Equilibrium-Air-Distillation 

As will be appreciated, the conditions of evapora- 
tion of fuel in the ASTM distillation test differ 
widely from the conditions at which fuel is evapo- 
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rated in an engine manifold. This has led to the 
conception of Equilibrium-Air-Distillation,* which 
more nearly corresponds to engine evaporation con- 
ditions. 

The apparatus for determining the EAD char- 
acteristics of gasoline is shown schematically in 
Figure 6. In this apparatus, measured quantities of 
fuel and air are mixed at a given temperature and 
pressure, after which the amount of fuel that has 
been vaporized can be determined from the quantity 
of liquid remaining. At any given mixture tempera- 
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stant throughout evaporation and the required heat 
for vaporization is supplied externally, Similarly, 
sufficient time to establish equilibrium between the 
air, vapor, and liquid is allowed in the EAD method; 
while in the engine the required amount of time is 
not available. Thus the engine evaporation, at least 
until the mixture passes the intake valve, is in- 
evitably less efficient than the Equilibrium-Air-Dis- 
tillation, which may be considered the optimum 

condition obtainable. 
The EAD test is both complicated and expensive; 
therefore various methods of 








































































































correlation have been estab- 
aS. 7 lished for determining EAD 
MEASUREMENT i FUEL PUMP data from the more readily de- 
“ \ ‘ieee termined ASTM distillation of 
FUEL control the fuel.* The accuracy of such 
L correlations is satisfactory for 
tl x sae dite practical purposes, so that the 
7 TP conrnoccen correlation method of calculat- 
| ing EAD data is commonly 
3 used. Alignment charts and 
Ff graphical means have been de- 
= vised to simplify the calcula- 
tions, and are in general use 
inihdnicih-aam | evaporator! the petroleum industry. 
FILTERED ORY coil 
a nw Vapor Pressure — 
ae The Reid Vapor 
Y T x Pressure Test 
= | x | ~— In the petroleum industry, 
the vapor pressure of gasoline 
nana is measured by the Reid 
FUEL Method (ASTM D 323). The 








EQUILIBRIUM AIR DISTILLATION APPARATUS 


test is illustrated by Fig. 7. 
The bomb and the test sample 
are both prechilled, then the 
fuel chamber is filled and at- 





Figure 6—Schematic representation of the apparatus for determining Equilibrium Air Distilla- 


tion data. 


ture, the amount of fuel evaporated, and therefore 
the vaporized mixture, is dependent upon the abso- 
lute pressure and upon the supplied fuel-air ratio. 

The vaporization of gasoline in an Equilibrium- 
Air-Distillation Test and in an engine induction 
system differ principally only in the effects of ex- 
ternal heat, pressure, time and turbulence. In an 
engine manifold and combustion chamber, the 
temperature and pressure vary considerably from 
the time fuel is first sprayed into the air until it is 
burned, and the heat required to vaporize the fuel 
is suppiicd from the air, manifold walls, and hot 
cylinder parts. In the EAD test apparatus, however, 
the temperature and pressure are maintained con- 


*Equilibrium Volatility of Motor Fuels, O. C. Bridgeman, Journal 
Research — National Bureau of Standards, Vol. 13, July, 1934, 


p. 53 


tached to the air chamber and 
gage assembly, which is sub- 
merged ina water bath at 100° 
F. for five minutes. After this interval, the bomb 
is removed from the bath, shaken, and resubmerged 
for another two minutes. The pressure is noted on 
the gage attached to the bomb, after which the 
process of removal, shaking, and resubmerging is 
continued until a constant pressure is obtained on 
the gage. Then, after correcting the gage pressure 
for the partial pressures of the air and water vapor, 
the resulting pressure is reported as the Reid Vapor 
Pressure at 100° F. 

Except for pure compounds, or known mixtures 
of them, the Reid Vapor Pressure defines only one 
point on the vapor pressure-temperature curve and 
one point on the temperature-pressure-V /L curve. 
(At V/L = 4, since the volume of the liauid 


*Bridgeman — op. cit. 
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chamber is 1/5 that of 

the entire bomb.) In 
PRESSURE conjunction with the 
GAGE 


ASTM distillationtem- 
peratures for the 10°; 
point and nearby sec- 
tions of the distillation 
curve, however, it gives 
a valuable clue to both 
cold starting and vapor 
locking characteristics 
of aviation gasolines. 
Greater importance is 
now placed on the 
! more fundamental 
properties described by 
the EAD and V/L 
characteristics of fuels, 
so that the RVP is used 
principally as an aid to 
manufacturing control. 
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REID VAPOR PRESSURE BOMB 
(ASTM: DO 323) 
Figure 7—Test bomb used in 
Test. 


Vapor-Liquid Ratio 

Of major importance 
in the study of vapor 
forming characteristics 
of a fuel is the concept 
of vapor to liquid ratio 
(VL) as a function 
of temperature and pressure. Such data may be 
obtained in the V/L apparatus shown in Fig. 8. 
The apparatus is essentially a calibrated burette, 
which may be charged with a measured sample 
and, by means of the surrounding liquid bath and 
a mercury leveling tube, subjected to various tem- 
peratures and pressure. V/L data may be read di- 
rectly from the apparatus either at constant pres- 
sure or at various pressures, as desired. Through 
suitable calculations, basic vapor — versus 
temperature data may also be obtained. A third 
important use for the apparatus is found in aoe 
ing the air solubility of gasolines, which is covered 





Vapor Pressure 


below, 


Air Solubility 


Gasoline, like water and other liquids, absorbs 
air in solution. The amount of air held in solution 
by gasoline at 
temperature increases and increases as erage 


saturated conditions decreases as 
in- 
creases. This dissolved air is a major factor in vapor 
formation, and in certain cases can result in critical 
quantities of air and vapor being released in fuel 


| Serine 
lines and carburetors. This cond‘tion is further 


aggravated by the fact that the rate of air absorption 
or release is slight except under conditions of agita- 
tion. Thus fuel saturated with air at ground tem- 
perature and pressure may become supersaturated a 
the low pressures of high altitudes after rapid climb 


ATION 


without appreciable cooling of the fuel. Subsequent 
agitation of the fuel pumps, sharp bends, and 
other fuel system components results in release oi 
large amounts of vapor. 

ihe VL apparatus is used in the study of the air 
solubility characteristics of gasolines by introducing 
a measured fuel sample to the apparatus and, after 
agitating to obtain equilibrium, determining the 
vapor volume reading at several different pressures 
at constant temperature. From data so obtained, the 
amount of air dissolved in the fuel may be calculated. 


COMPONENTS OF AVIATION 
GASOLINE 
It is of interest to examine the composition of 


typical aviation gasolines in order to determine just 
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re S—Apparatus for determining V/L characteristics of gaso- 
lines. Reservoir at ‘left supplic s liquid to control temperature of 
sample which is contained in a burette inside the large temperature 
control bath at right. Mercury leveling bulb is used to charge 
apparatus and to control pressure zt which tests are made, 
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The distillation of 
these components is 








PRIMARILY 
ISO-PENTANE 
BUTANES 
LIGHT ENDS 








PRIMARILY 
AVIATION NAPHTHA (STRAIGHT RUN) 
CATALY TICALLY CRACKED STOCKS 
AVIATION ALKYLATE 








HEAVIER FRACTIONS 
HIGH- BOILING ANTI- 
KNOCK AGENTS 


controlled by the 
50%, 90% and 
E.P. limitations on 
the final blend. 
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how a given ASTM distillation is produced. This 
is illustrated graphically (with liberties) on Figure 
9 for military and commercial aviation gasoline. 
By blending against specification limits, a base 
stock consisting of aviation straight run gasoline or 
catalytically cracked product, or a mixture of both, 
is combined with high anti-knock material such as 
alkylate to achieve the desired anti-knock quality. 


10 
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Figure 9—Schematic representation of aviation gasoline blending to control 
volatility, showing types of materials from which aviation gasolines are 
made and the resultant ASTM and Equilibrium Air Distilletion curves, 
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7 Then, to obtain the 

4 desired initial vola- 

/; tility, very light material consisting 

/1 of C,-C, materials (4 to 6 carbon 
atoms) is added until the desired 
R.V.P. or maximum 10% point is 
reached. In high octane fuels, iso- 
pentane (with an unleaded octane 
number of approx. 91) has been 
used chiefly for this purpose. 

The small amount of tetraethyl lead, 
or of other non-volatile fuel additives, 
being of the order of 0.1% by volume 
or less, ordinarily does not show up in 
the ASTM distillation. 

Table I presents specification limits 
pertinent to volatility for five grades of 
aviation gasoline—two military and three 
civil. The adoption of specifications for 
civil aircraft fuels is not standardized on 
an over-all basis. The use of military spe- 
cifications, however, is mandatory for 
military users and suppliers alike. 


EFFECT OF VOLATILITY ON 
ENGINE OPERATION 


The effect of fuel volatility on engine 
operation is very greatly influenced by 
engine design and operating conditions. 
Included among the operating conditions 
are atmospheric temperature and pres- 
sure, which are major factors in determin- 
ing the behavior of fuels. Because of the 
influence of these factors, it is impossible 
to treat the subject of volatility without 
considering the engine and conditions in- 
volved. Certain problems or effects are 
more or less common to all aircraft en- 
gines, however, and may be discussed 
generally, with reference to specific cases 
where they apply. These are: 

1. Engine Starring 

2. Acceleration — Throttle Response 

3. Vapor Lock 


4. Fuel Losses from Vapor Formation 

5. Cruise Economy 

6. Maximum Engine Performance 

7. Significance of Heavy Ends 

Of these effects, the first four may be considered 
as under the control of that part of the fuel rep- 
resented by the 5% to 50% portion of the ASTM 
distillation curve. Similarly, with the front end 
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TABLE I 








Volatility Specification for Current Grades of Aviation Gasoline 


Militar) 


Grade 91/96 
Reid Vapor Pressure, Max. 7.0 
ASTM Distillation 


10% Evap., max. I 167 
40% Evap., min. °F. — 
50% Evap., max. °F. 221 
90% Evap., max. I 275 
E.P. 356 
Sum of 10% -+- 50%, °F. min. 307 
Rec., %, min. 97.0 
Res., %, max. 5 
Loss, %, min. 1.5 
Freezing Point, °F. max. —76 





fixed to control starting and vapor locking, the last 
three effects are influenced by the characteristics of 
the distillation curve above 50/7, evaporated. These 
distinctions also hold for the EAD curve, which, as 
we have seen, is closely related to the actual evapo- 
ration characteristics of fuels. 

Many of the problems associated with fuel vola- 
tility have been under extensive investigation re- 
cently, both in the laboratory and in aircraft engines 
in flight. This work has been performed by the mili- 
tary air services, engine and aircraft manufacturers, 
airlines, and oil companies. Much of it was spon- 
sored or directed by the Coordinating Research 
Council (CRC), a non-profit research organization 
comprised of representatives from the petroleum 
industry and from automotive and aviation manu- 
facturers. The Aviation Fuels Division of the CRC 
Coordinating Fuel Research Committee has been 
especially active in providing information on fuel 
volatility. 

A brief summary of the effect of volatility on the 
various phases of engine operation is presented 
below: 


Starting 

Before aircraft engines can be started under any 
conditions the differential expansion of engine parts 
and the oil viscosity must permit easy cranking and 
facilities for a strong spark must be provided. Tech- 
niques developed during the war, such as dilution 
of the lubricating oil with fuel to reduce the vis- 
cosity at low temperatures and the use of booster 
ignition coils, permit starting of unheated engines. 
Starting at low temperatures then becomes related 
to the volatility of the fuel, which is discussed 
below for different types of fuel. 


Aviation Gasoline 
Reciprocating aircraft engines of medium to high 


Most Limiting 
Civil Requirements 


100/130 80 91/98 100/130 
7.0 7.0 70H 7.0 
167 167 158 158 
167 — _ a 
Ze 221 221 2a 
284 275 257 257 
356 356 338 338 
307 307 307 307 
97.0 97.0 97.5 97.5 
1.5 1.5 |e | > 
ES 1.5 1.0 1.0 
—76 —76 —76 —76 








powers can be started on normal aviation gasolines 
at temperatures down to 0°F. to —10°F., dependent 
somewhat upon engine design and starting tech- 
niques. 

Among the factors which affect ease of starting 
from the combustion process standpoint is valve 
overlap, which controls the amount of dilution of 
the incoming charge from residual gases left in the 
cylinder. Other factors are the air flow at cranking 
speeds and the means of supplying additional quan- 
tities of fuel to offset the effect of the small percen- 
tages that can be evaporated at low temperatures. 
This is customarily done by means of auxiliary 
primers, using nozzles located in the intake system, 
since the automotive type choke is banned for air- 
craft use. 

For fuels of varying volatility, the Equilibrium 
Air Distillation characteristics afford a reasonably 
accurate measurement of starting properties. De- 
tailed procedures for utilizing the EAD have been 
developed, yielding theoretical starting limits for 
given fuel priming rates. This is illustrated in Figure 
10 for a hypothetical fuel under various starting 
conditions. With fixed priming rates, and fuels 
which are only partially evaporated at starting con- 
ditions, the limits for satisfactory operating at idling 
speed after starting do not pe ene the limits 
for possible starting mixtures. There is a fairly wide 
region of overlap between the lean limit under 
idling conditions and the rich limit under cranking 
conditions, however, and in this theoretical region 
starting and continued idling have been found 
practical. (Fig. 11.) 

The effect of priming rate on time required for a 
start with a fuel of normal aviation distillation is 
shown in Fig. 12. Performance curves of this type 
have been found extremely useful in investigations 
of the proper volatility for starting of automotive 
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Figure 10—Fuel supply rate required for evaporation of 0.050 fuel 
air ratio versus atmospheric temperature for assumed cranking air 


flow rates of 50, 75, and 100 Ibs. of air per hour, using aviation 
gasoline of normal volatility characteristics. 


engines, particularly when plotted back against 
ASTM distillation. The volatility considerations in- 
volved are largely applicable to aircraft engine start- 
ing, since design differences affect principally the 
cranking time scale absolute values, not the evapora- 
tion effects. Such a curve is 
given in Fig. 13, being a plot 
of the ASTM 10% evaporated 
temperature necessary to give 
a start in a fixed number of 
cranking revolutions versus at- 
mospheric temperature. The 
four lines shown represent con- 
stant supplied mixtures of the 
values given. 
Special Cold Starting Fuels oe 
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tion system, sufficiently to promote evaporation of 
starting mixtures. Such heaters supply large quan- 
tities of warm air, heated by burners which use 
motor or aviation gasoline, 


Many military and commercial operations are not 
adaptable to the use of heaters, however; and, for 
them, the use of special cold starting fuels has been 
found effective. Such fuels consist of blends of light 
hydrocarbons with light aviation naphtha and other 
suitable components. 


Starting fuels of two types have been used — the 
first type being very volatile, composed largely of 
petroleum gases, and having a high vapor pressure. 
Fuels of this type require special handling and 
metering equipment, and ordinarily cannot be used 
in the regular aircraft fuel system because of ex- 
cessive vapor formation in lines and carburetors. An 
extreme example of this type of fuel is propane, 
which boils at —44°F. Attempts have been made 
to develop a propane starting system, using pressur- 
ized containers and metering equipment. The 
weight and complication of this additional equip- 
ment have largely prevented its widespread use and 
adoption. 


The second type of cold starting fuel has volatility 
characteristics intermediate between those of the 
super-volatile fuels and aviation gasoline. It may 
be made of petroleum C, fractions and higher, with 
suitable light base stocks to give a balanced distilla- 
tion to the finished fuel. Since extremely high anti- 
knock quality is not essential at the low mixture 
temperatures and reduced manifold pressures of 
starting and idling, such fuels do not require lead. 
The light hydrocarbons that are used generally have 
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Figure 11—Priming requirements of regular aviation gasoline and of special cold starting fuel 
versus atmospheric temperature. Starting is possible within the shaded areas with each fuel, 
based on representative assumed cranking and idling air flows for 750 cu. in. aircraft engine. 
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Figure 12—Effect of priming rate on starting time in medium size 
aircratt engine, using grade 100/130 aviation gasoline, 
high anti-knock properties, adequate for the pur- 
Ose. 

The theoretical starting limits for such a fuel are 
shown at the left on Fig. 11. This fuel was designed 
to offer the same volatility at —6S5°F. as normal 
aviation gasolines provide at —10°F. Limiting the 
higher volatility features to this temperature pro- 
vides a range of overlap with the normal fuel so 
that starting can be accomplished in a given engine 
over the entire atmospheric temperature range with 
only the two fuels and a simplified priming system. 
One advantage of such a fuel is that it also may be 
used in the engine carburetor for cranking and 
warm-up. When blended to the proper limits, this 
fuel will not vaporize in the carburetor and fuel 
lines to impede engine operation when starting at 
temperatures below +10° F. The vapor pressure is 
also such that the fuel may be shipped and handled 
in ordinary containers. 

After the engine is started and warmed up sutfh- 
ciently to run on aviation gasoline, which requires 
about two minutes at the lower starting tempera- 
tures, the fuel supply may be switched to the normal 
fuel lines, using solenoid valves or other suitable 
piping controls. 


Low Volatility Fuels 

With low volatility fuels of approximately 300- 
100° F. boiling range and 100°F. min. flash point, 
as proposed for air transport use, starting is difficult 
in current type engines. This would appear to re- 
quire the use of auxiliary starting means such as 
cold starting fuels. To extend the usable range of 
such fuels as far as possible, it is anticipated that 
they may have characteristics like those of the cold 
starting fuels described above. Since low volatility 
fuels require direct cylinder injection, better start- 
ing may be possible through the further study of 
improved injectors for use with these fuels. Engine, 
and perhaps fuel, preheating is another possibility 
that may be developed. 

In any event, starting problems with engines de- 
signed for the low volatility fuels are not insur- 
mountable, and will be solved before the fuels are 
placed in service. Gas turbine engines of the turbo- 
jet type with anti-friction main bearings have been 
found relatively easy to start at low temperatures. 
As regards starting, at least, they may be considered 
relatively insensitive to volatility, since cold starts 
may be made with kerosene-type fuel. 


Acceleration-Throttle Response 


In automotive engines, acceleration characteris- 
tics have been found to depend upon the vaporized 
air-fuel mixture, independently of the particular 
fuel used. Equilibrium-Air Distillation data afford 
a means of determining the optimum evaporation 
characteristics of fuels. In practice, however, con- 
ditions may vary considerably from equilibrium, so 
that general relationships for fuel performance are 
lacking. Fuels with good starting characteristics and 
balanced distillation curves have been found to give 
satisfactory throttle response in aircraft engines. The 
situation is helped by acceleration devices built into 
aircraft carburetors, which supply additional fuel 
when the throttle is opened rapidly. The additional 
fuel aids in supplying an adequate mixture to all 
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ATMOSPHERIC TEMPERATURE, °F 


Figure 13—Maximum ASTM 10% point which permits starting 

within ten engine revolutions versus atmospheric temperature, for 

various supplied mixtures. (Based on data trom automotive engine 

tests. Similar correlations would be expected for aircraft engines, 
with some displacement of temperature scales.) 
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cylinders. Not a minor factor in the picture, too, is 
pilot technique in operating the throttle which is 
important in increasing speed and power smoothly. 


Vapor Lock 


When air and/or fuel vapor interferes with the 
flow of fuel in the fuel system, the resulting condi- 
tion is known as vapor lock.* 

The result of this interference’ with fuel flow 
is a leaning of the mixture supplied to the engine, 
and in extreme cases, engine cut-out. Any leaning 
of the mixture from that desired for the operating 
conditions at hand is generally undesirable and often 


' 


Figure 14 


detrimental. At high powers such as are used for 
take-off and climb, leaning out increases cylin- 
der head temperatures in air-cooled engines and 
also increases the tendency to knocking as a result 
of the leaner mixture and the higher temperature. ** 
At the low powers used for cruising, leaning out 
from the already lean setting dictated by economy 
may cause roughness and intermittent cut-out. With 
fixed pitch or two position propellers, or with less 


*CRC Handbook — 1946, Coordinating Research Council, New 
York, p. 199 


**Tendency to detonate varies with fuel-air ratio at constant 
cylinder head temperature, as well as decreasing with the 
lower head temperatures obtained by enrichening the mixture. 





Laboratory test stand for cold starting tests with Ranger V-12 aircraft engine, with 
simulated fuel and oil systems on auxiliary test stand at right. 
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stable constant speed and mixture controls, engine 
surging will result. 

The tendency of fuels of different volatility to 
promote vapor lock is dependent upon their vapor 


forming characteristics. As we have seen, vapor 
forming characteristics are accurately defined in 


terms of V/L versus temperature. Thus tempera- 
ture — V/L relationships provide a means of evalu- 
ating the effect of fuels upon vapor locking condi- 
tions. 


Effect of Dissolved Air 

Vapor formation has been found to be seriously 
affected by the presence of 
dissolved air in the fuel.* 
Even though the amount of 
air involved is usually 
quite small, the effect of air 
release upon vapor forma- 
tion may be large and may 
lead to vapor locking under 
conditions at which it ordi- 
narily would not occur. As 
discussed previously, this ef- 
fect is noted particularly 
when fuel which has been 
saturated with air on the 
ground is taken rapidly to 
-high altitudes without evolu- 
tion of the excess air. Under 
given circumstances, the evo- 
lution of vapor in a fuel sys- 
tem may be studied by analyz- 
ing the system and the V/L 
characteristics and air solu- 
bility conditions of the fuel. 


Results from such an analy- 
sis are given in Figure 15*, 
showing assumed conditions 
for 18,000 ft. altitude and 
V/L characteristics of an 
aviation gasoline with 7 pst 
RVP. The solid line on the 
V /L curve represents the va- 
por evolution when the 
gasoline was initially saturated with air at sea level 
and 60°F. and the air content reduced to equilibrium 
at 18,000 ft. by evolution of air within the tank 
during climb. 

The dotted line on the V/L curve represents 
vapor formation in the fuel system at 18,000 ft. 
with no air evolution from initial saturation at sea 
level and 60°F. The fuel in the tank thus is super- 
saturated with air, which will be released, carrying 
large amounts of vapor along, upon agitation in 
the fuel system. Note the difference in V/L due to 


air content. If the pump is limited to a vapor Capa- 
*Ibid, p. 287. 
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From CRC Handbook—1946 
Courtesy Coordinating Research Council 


Figure 15—Pressure—-Temperature—V/L Diagram for simplified air- 
craft fuel system, showing effect of supersaturation with air. 


city represented by a vapor liquid volume of 2, in 
the first case no difficulty will result. With super- 
saturation, though, the flow of fuel may be impeded 
at the pump, with resultant erratic engine operation. 


Fuel System Analysis eo 
The design and operating conditions ™ 
of the fuel system, from and including 
tanks up to and including the point of = _*° 
discharge into the inlet air, control the 
performance of the system as regards va- 
por lock. As may readily be appreciated, 
temperatures vary throughout the sys- 
tem, usually increasing steadily from 
tank to discharge nozzle. Similarly, 
pressures vary from near atmospheric 
in tanks to a minimum value at the 
pump inlet; they reach a maximum at 
pump outlet, and decrease again up to 
the nozzle. An important factor in air- 
craft fuel system components is vapor 
handling capacity, since even though ‘ 
large amounts of vapor are formed, if 
they do not interfere with flow of liquid, 
engine operation may still be main- “0 80 
tained. Many fuel system components 
are inherently limited in vapor handling 
capacity. For this reason, studies of tem- 
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perature-V/L characteristics of fuels in relation to 
operating conditions of the fuel system are especially 
important in studies of vapor lock. 

A plot illustrating vapor formation in an enclosed 
system for an aviation gasoline with 7.0 psi R.V.P. 
initially saturated with air at sea level and 60°F. 
is given in Fig. 16*. For other fuels, the vapor for- 
mation is dependent upon distillation characteris- 
tics and R.V.P. as well as upon initial air content. 
For a detailed treatment of this subject, the inter- 
ested reader is referred to the 1946 CRC Handbook. 

In general, aviation gasoline front-end volatility is 
the result of a compromise between the high volatil- 
ity required for starting and throttle response and 
the practical limitations imposed by vapor locking 
and altitude losses. Satisfactory operation in both re- 
spects has resulted from distillation control and a 
R.V.P. limit of 7 psi. The vapor formed from such 
a fuel can be handled adequately with fuel systems 
of proper design, keeping in mind that pressures 
should be kept up and temperatures down as much 
as possible throughout the system. Strict attention 
to reduction of turbulence and pressure drop in 
piping, cavitation at pump inlets, and heating om 
pumps and hot engine parts, and the use of sub- 
merged booster pumps in the fuel tanks have allevi- 
ated vapor locking difficulties. 


Vapor Losses 
Vapor loss from fuel light ends is experienced 
principally either at high temperatures on the 
ground, as when fueled airplanes remain in the hot 
summer sun, or at altitudes, due to the effect of 
*Ibid p. 242 
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Figure 16—Vapor formation of an aviation gasoline. 
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reduced atmospheric pressure. These losses are in 
addition to those experienced in the fuel system 
from vapor which passes through the carburetor 
vapor vent. The latter is partially recovered through 
return lines back to the fuel tanks in larger aircraft; 
however, this provision usually is not made in fuel 
systems for personal type light planes. 

Losses are worst of all when aircraft containing 
warm fuel climb rapidly to high altitudes without 
appreciable cooling of the fuel. Under these condi- 
tions, actual boiling of the fuel in the tanks can take 





( ourtesy Aircooled 


Figure 17—150 HP Franklin ‘'335’’ 
pipe connects two sides of inlet 
a given installation, 


place. In interceptors with a very high rate of climb 
and self-sealing fuel tanks (which may provide very 
effective insulation of the fuel, preventing cooling 
as the ship climbs), serious fuel losses have been 
observed. Losses in commercial service would not 
be as great but still might be high enough to affect 
over-all fuel consumption. Among the measures 
which have been found effective in reducing vapor 
losses is keeping the fuel cool prior to flight. Other 
remedies that have been suggested but never tested 
extensively, include: 
1. Refrigeration of the fuel 
2. Pressurization of the space above the tanks 
with nitrogen or CO, (which also might serve 
as a safety measure in military planes) 
3. Recovery of the vapor through condensation 
systems. 
The effects of vapor losses upon the anti-knock 
propertics of the remaining portion of the fuel de- 


Motors, Inc. 


six cylinder air-cooled aircraft engine. Balance 
manifold for optimum torque characteristics in 


pend entirely upon the relative anti-knock qualities 
of the light ends and the heavier portions of the 
fuel. Thus high anti-knock aviation gasoline is usu- 
ally increased in anti-knock quality by removal of 
the light ends, which results in a greater concen- 
tration of alkylate, aromatics, and T.E.L. as referred 
to the whole fuel. On the other hand, aviation gaso- 
lines for light planes and motor fuels will sutfer 
slightly in octane value from loss of the light ends, 
which may have unleaded octane numbers as high 
as 90 to 95. 

Cruise Economy 

Apart from the loss of fuel (and 
consequently, dollars) through vapor 
losses, volatility exerts an effect on 
economy through utilization of fuel 
by the engine. Generally speaking, the 
utilization of fuel by a multi-cylin- 
der aircraft engine having a carburetor 
metering system depends upon proper 
vaporization of the fuel after it is ad- 
mitted to the intake air stream. Furth- 
ermore, good economy depends upon 
uniformity of the fuel-air mixture dis- 
tributed to individual cylinders, which 
is related directly to vaporization in 
many engines. Obviously, it becomes 
increasingly difficult to supply a fuel- 
air mixture evenly to all cylinders if 
the fuel consists of a varying mixture 
of vapor and liquid. 

The effect of volatility on economy 
has been found most severe at low 
mixture temperatures and leaner fuel- 
air ratios. These are obtained with va- 
rious combinations of the following 
circumstances: low engine power and 
RPM and low atmospheric tempera- 
tures. Thus operation at low power for 
maximum cruising range at reduced temperatures 
has been found to be the most restrictive item with 
respect to fuel volatility. 

Since front-end vol atility is fixed for control of 
starting and vapor forming tendencies, only the 
portion of the distillation curve from approx. 50°; 
evaporated upward can be changed to affect cruise 
economy, which is actually affected by the over-all 
distillation. Various attempts have been made to 
establish correlations of economy with ASTM or 
Equilibrium-Air distillation temperatures for single 
percentages evaporated such as the 80°/, or 90° 
points. It is now indicated, however, that the best 
indication may be obtained from the theoretical 
equilibrium percentage of fuel evaporated at the 
actual mixture conditions, as will be discussed later. 
Large Commercial Engines 

In larger commercial type aircraft engines, as 
carburetor air temperature is decreased, the best 
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Figure 18—Effect of carburetor air temperature on minimum obrain- 
able B.S.F.C. for two fuels with extremes in volaulity characteris- 


tics. Hypothetical engine and fuels at assumed cruising power 
} 


conditions 
obtainable brake specific fuel consumption is in- 
creased for a given fuel under fixed cruising proce- 
dure (constant power and engine RPM). This is 
illustrated by Fig. 18. The effect of carburetor air 
temperature is shown for two hypothetical fuels, 
one relatively volatile and the other relatively non- 
volatile as referred to aviation gasoline. Such a dif- 
ference as that shown would never exist between 
fuels in service, as the differences in volatility repre- 
sented are many times those found between the 
lightest and heaviest commercial aviation-grade gas- 
olines. Note that, with some penalty in fuel con- 
sumption, operation may be extended to very low 
temperatures with the more volatile fuel; whereas, 


due to the limitation in enrichment at the power 
level used, operation with the heavier fuel is impos- 
sible below a relatively high air temperature. It 
should be pointed out that the operation typified by 
ig. 18 represents a determination of the best obtain- 
able brake specific fuel consumption for each air tem- 
perature, leaning out at constant power until best 
economy is obtained or else misfiring prevents fur- 
ther leaning, for the lower temperatures. 


Using data from tests on many different fuels 
throughout a wide range in carburetor air tempera- 
tures, correlations such as that shown in Fig. 19 
have been developed for specific engines at cruise 
conditions. While such correlations are limited as 
to practical use for operational purposes, they estab- 
lish the dependence of engine performance upon 
the EAD characteristics of the fuel used and are 
valuable in research studies of volatility. Thus, the 
performance differences between various fuels are re- 
lated directly to the Equilibrium-Air-Distillation of 
the fuels, which may then be used to predict their 
relative position with respect to cruise economy. 

Other factors related to engine operation at cruis- 
ing conditions have been found to depend upon 
fuel volatility. For example, in one engine model 
as carburetor air temperature was decreased, the 
temperature at which engine cut-out occurred with 
automatic lean mixture and fixed power was found 
to correlate with the 70°% ASTM Distillation and 
EAD temperatures of the fuels used. In the same 
engine, the temperatures at which it was no longer 
possible to lean to best economy were found to de- 
pend, although less precisely, upon the 90% dis- 
tillation temperatures of the fuels. In other types 
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of engines, the temperature limits and same dis- 
tillation percentages might not hold; however, there 
is sufficient data to indicate a reasonable dependence 
of performance upon fuel Equilibrium-Air-Distil- 
lation, with carburetor engines. 










FUEL LINE FROM 
MASTER CONTROL MASTER CONTROL 
TO RIGHT PUMP MEASURES AIR FLOW 
(2 TO SUPERCHARGER 
AND FUEL FLOW 
‘ TO PUMPS 


FUEL LINE FROM VEL PUMP 
RIGHT PUMP TO FOR SUPPLY TO 
FRONT CYLINDER FRONT CYLINDERS 


om) 


Courtesy Wright Aeronautical Corporation 


Figure 20—34 Rear view of Wright Cyclone 18 aircraft engine 

equipped with fuel injection, showing some details of injection 

system. This engine, which delivers as much as 2500 HP for take- 
off, is also available with carburetion fuel metering system, 


The atmospheric temperature level which corre- 
sponds to a given EAD is affected by engine design, 
particularly mixture distribution characteristics and 
the relationship of mixture temperatures to at- 
mospheric temperatures under cruising conditions. 
There are large differences in current engine models 
in this respect, which differences sometimes serve 
to restrict production of aviation gasoline through 
limitation of fuel specifications to those for the most 
critical engines. 


Other Types of Engines 

Fuel injection engines are able to utilize some- 
what heavier fuels than are carburetor engines, 
although in them too, there is a limit to the mini- 
mum volatility that can be used without penalties in 
performance. Exact values for these limits have not 
been determined as yet; further developments are 
expected as the logical outcome of improvements in 
engine design. The fuel injection engine is, of 
course, well beyond the development stage; but most 
of the operation to date has been with conventional 
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aviation gasolines, so that operation with less vola- 
tile fuels remains to be investigated thoroughly. 

In engines for personal planes, the effect of vola- 
tility on cruise operation at low temperatures has 
not been a problem. This may be attributed in part 
to the fact that neither exceptionally low powers, 
mixture temperatures, nor fuel-air ratios are en- 
counter d. Other factors are heating of the mixture 
by exhaust muffs on the carburetor and the almost 
universal use of carburetor heat as a precaution 
against icing in winter or any sort of cold weather. 
Aviation grade gasolines for light planes have dis- 
tillation characteristics making them sufficiently 
volatile to ensure satisfactory operation in flight 
under the most severe winter conditions. 


Effect of Reduced Volatility on Detonation 

An effect associated with volatility is a reported 
increased tendency to detonation at lean mixtures 
due to the incomplete evaporation of fuel at low 
carburetor air temperatures.* Unlike loss in econ- 
omy due to lowered volatility, this effect is reported 
to be most pronounced at maximum cruising powers 
with automatic lean carburetor setting and low car- 
buretor air temperatures. The effect has been ex- 
plained by the theory that the mixture supplied to 
some cylinders is brought into the knocking range 
by mal-distribution due to incomplete evaporation 
and also by segregation of high anti-knock com- 
ponents of the fuel such as T.E.L. and high boiling 
aromatics. A full knowledge of the subject has not 
yet been obtained, however, and the problem is 
made more complex because of differences in the 
sensitivity of various fuels to the effect of mixture 


*Aviation Fuels —‘‘What the Airlines Want and Expect’’— 
SAE Journal, G. K. Brower, Mar. 1946, p. 125. 





Courtesy Continental Motors 


Corporation 


Figure 21—Continental Model C-85 air-cooled four cylinder > 
posed aircraft engine, developing 85 HP for personal type aircraft. 
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temperature on knocking. Since the distillation 
range involved in the observed effect is higher than 
that of present commercial aviation fuels, the prob- 
lem is causing no immediate difficulties. A revision 
of specification distillation temperatures upward 
might necessitate thorough study of such an effect 
and investigation of the part played by volatility, 
temperature sensitivity, and concentration of anti- 
knock quality in the heaviest fuel components. 


Engine Performance 

Good mixture distribution and efficient combus- 
tion of fuel are essential in obtaining maximum 
engine performance. These factors are related to 
evaporation characteristics of the fuel in carbureted 
engines, inasmuch as almost complete vaporization 
is usually necessary to obtain either. 

In superc harged engines, operation at high speeds 
and powers results in high mixture temperatures, 
which generally offsets any effect of lowered vola- 
tility when using heavier fuels. In some cases, using 
relatively non-volatile aviation gasolines (ASTM 
90% temperatures well over 300°F.) slight losses 
in power and economy have been observed. This 
effect will vary from engine to engine, apparently 
as a result of carburetion characteristics, mixture dis- 
tribution, the relation of inlet mixture temperature 
to outside air temperature, and the ability of the 
engine to ‘digest raw fuel” entering the combus- 
tion chamber. 

Very rich mixtures, like very lean mixtures, also 
tend to increase the effect of volatility on engine 
operation. Using fuels with ASTM 90% points of 
280°F. or higher, there have been reported in- 
stances of power loss, roughness, and smoking when 
Operating at very rich mixtures. These results are 
open to question, since in other cases such effects 
have been found to be independent of fuel volatility. 
For example, in one series of tests at low carburetor 
air temperatures, engine roughness occurred above a 
maximum limiting fuel-air ratio with several fuels 
with a wide range in distillation temperatures. As 
carburetor air temperatures were increased, how- 
ever, the mixture could be richened slightly without 
encountering roughness. The mixture temperatures 
resulting from low winter temperatures are some- 
times low enough to prevent complete evaporation 
of even the most volatile aviation fuels prior to the 
ombustion chamber. Such incomplete evaporation 
aggravates mixture distribution, and will be made 
worse yet by excessively rich mixtures; therefore, in 
very cold weather carburetor settings should be kept 
inside the rich flow limits. Also operation of den- 
ity compensating aneroids shied be checked to 
prevent supplying excessively rich mixtures to the 
‘ngine. 

As power output and engine RPM are decreased, 
lower mixture temperatures are obtained for the 





same outside air temperatures. This leads to a pro- 
gressively larger effect of volatility as power is de- 
creased. At decreased powers it is both possible 
and economical to operate at lean fuel-air ratios, 
which makes the operation even more sensitive to 
volatility. Using less volatile fuels, as fuel-air ratio 
is decreased, rough operation and back-firing are 
encountered leading to mis-firing and complete 
power loss if continued. Operation with two fuels 
having extremes in volatility characteristics within 
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Figure 22—Example of the effect of fuels having extremes in 
volatility characteristics on engine horsepower and B.S.F.C. ar 
constant manifold pressure and RPM. 


the gasoline range is shown in Fig. 22. Note the 
effect of the fuel on power, specific fuel consump- 
tion, and misfire fuel-air ratio shown in the tests, 
which were run at constant manifold pressure and 
RPM. Again, it should be noted that the effect of 
volatility shown is many times greater than that 
which might be caused by the variations in volatility 
of fuels supplied commercially. In experimental in- 
vestigations of the type described, it is desirable to 
extend the range of the variable under investigation 
(in this case, fuel volatility) to explore thoroughly 
the effects of such changes. 
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The above discussion applies to high output com- 
mercial and military engines equipped with car- 
buretors and constant-speed propellers. For engines 
with fuel injection directly into the cylinder, and 
for some types of gas turbines, the effect of volatility 
is less proi nounced. Inv estigations are underway in 
both of these fields of development to determine 
optimum fuel characteristics. 

Engines for light aircraft (below about 250 hp., 
arbitrarily) are not sensitive to small changes in the 
fuel ASTM 90°% distillation region in the range of 
present aviation gasoline specifications. Since auto- 
motive fuels have ASTM 90% points as much as 
100°F. or more above those of aviation gasolines, 
they are not recommended for light plane engines of 
current design, unless adequate information on 
fuel suitability is known. 





Pratt & u bitne ) Aire rati 
Figure 23—The 28-cylinder Pratt and Whitney ‘Wasp Major’’ air- 
cooled engine, which develops more than 3650 combat horsepower. 

Engine cutting out or failure to respond to the 
throttle after a long glide in cold weather has been 
suggested as a possible effect of volatility. The prob- 
lem is largely obviated in light planes by the use 
of carburetor heat during glides in cold weather to 
prevent icing. No extensive investigation of the rela- 
tion of volatility to cutting out in glide has been 
made. It may be deduced, however, that there would 
be an effect, with more volatile fuels giving less 
trouble; but that the most effective measures in deal- 
ing with such a problem would lie in equipment 
and procedure analysis. 


Courtesy 


Significance of Heavy Ends 


The addition of high boiling materials to avia- 
tion fuels is sometimes advantageous for improve- 
ment of anti-knock quality and stability. If present 
in only small quantities, these substances do not 
affect the ASTM distillation curves, since the test 
is not sufficiently precise to reveal their presence. 
When added in appreciable quantities, as has been 
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done with ecg — aromatic hydrocarbons 
such as cumene, ASTM distillation curve may 
be affected, even as dar back as the 70-80% evap- 

orated region. As we have seen, the distillation 
curve, particularly Equilibrium Air Distillation, for 
the 70-90% zone appears to govern cruising fuel 
economy and associated factors under conditions 
where the effect of volatility can be measured. There- 
fore, in any given case the effect of high boiling 
materials upon economy may be gauged from the 
effect upon the Equilibrium Air Distillation Curve. 


The effect of heavy ends upon other phases of 
engine operation is less well defined, but has been 
investigated to some extent. Excessive oil dilution 
from fuel which passes the rings and increased 
cylinder wear have been reported from the use of 
fuels with ASTM 90% temperatures around 300°F. 
and higher. Other factors found to be affected by 
inclusion of heavier materials are an increase in 
induction system deposits and amplification of mix- 
ture distribution and stratification effects, especially 
when the heavy material is of high anti-knock value. 
All of these effects are dependent to a large extent 
upon engine design and operating conditions, as 
well as physical and chemical properties of the high 
boiling components involved, so that generalizations 
are ditficult. Before such materials are used for any 
purpose, extensive laboratory and service tests are 
made to determine the effects on all phases of opera- 
tion, so that fuels reaching service are satisfactory 
with respect to any heavy ends that may be present. 


SUMMARY 

In reciprocating aircraft engines with carburetor 
fuel metering systems, aviation gasolines of the 
volatility range represented by current supply give 
satisfactory performance with respect to starting, 
vapor lock, acceleration, economy, and maximum 
engine performance. The cooperative efforts of fuel 
suppliers and users and of engine designers have 
resulted in a well balanced matching of fuels to the 
engines in which they are used. 

In the interests of petroleum conservation and 
national security, through ample supply of aviation 
gasoline in time of emergency, undue limitation 
to the ASTM 90% temperature are restrictive and 
undesirable. Such limitations serve to exclude many 
high anti-knock hydrocarbons. Utilization of fuels 
containing these materials is largely a matter of 
engine design, through in sherently good mixture 
distribution and maintenance of mixture fem pera- 
tures under cruising conditions. Engines can be de- 
signed to operate, u ithout penalty, on fuels which 
do not restrict production nor waste 1 aluable petro- 
leum resources. 
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Bob Johnson, on the left, is rated one of the 
country's foremost mountain pilots. In addi- 
tion to his ‘smoke jumping" service, Johnson 
leases planes for aerial game counts, ferries 
freight into isolated settlements, flies many 
rescue missions. Johnson Flying Service has 
used Texaco Aviation Products for many years. 


JOHNSON FLYING 


: tet ear before 
"smoke jumper $ 9 to protect 


od and supplies 


Twenty minutes after a forest fire is spotted, 
a plane takes off from Hale Field, Missoula, 
Montana, loaded with U. S. Forest Service 
“smoke jumpers” — specially trained fire-fight- 
ers who parachute down and quickly get the 
fire under control. These “smoke jumper” 
planes are flown by skilled pilots of the John- 
son Flying Service. 

Bob Johnson runs one of the best equipped 
airport operations in the Northwest. Here 
private flyers enjoy the benefits of well-organ- 
ized, capable service . . . modern hangers, fine 
runways, complete repair and overhaul facili- 
ties, and the aviation fuels and lubricants that 
are preferred everywhere — Texaco. 
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Over the years, Texaco Aviation Gasoline 
and Texaco Aircraft Engine Oil have been 
Bob Johnson's standbys . . . just as they are 


today at progressive airports everywhere. 
Leading airlines, too, prefer Texaco. In fact — 
more revenue airline miles in the U. S. are 
flown with Texaco Aircraft Engine Oil than 
with any other brand! 

For Texaco Aviation Products and Lubrica- 
tion Engineering Service, call the nearest of 
the more than 2300 Texaco distributing plants 
in the 48 States, or write: 

The Texas Company, Aviation Division, 
135 East 42nd Street, New York 17, N. Y. 





<= TEXACO Lubricants and Fuels 


FOR THE AVIATION INDUSTRY 

















.. with this general-purpose grease 


NOW ..... aircraft lubrication need no longer be 
complicated by the necessity for using different types 
of greases in propellers, landing gear, wheel bearings, 
magneto and control system bearings, and similar 
parts. Today, a single grease — Texaco Regal Starfak 
Special — effectively meets all these varied lubricating 
requirements. 

Texaco Regal Starfak Special assures greater pro- 
tection because it retains its superior lubricating 
qualities at all temperatures (range at /east from 
—40°F to 250°F). It strongly resists oxidation, leak- 
age and separation — maintains its stability, and pro- 
vides thorough protection against washout. 

Texaco Regal Starfak Special is approved against 
Specification AN-G-15, General Purpose Aircraft 
Grease, and provides a wide margin of safety over 


THE TEXAS COMPANY ° 
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and above the very rigid requirements of this 
specification. 

Texaco Regal Starfak Special is just one of a com- 
plete line of aviation products developed by Texaco 
research — lubricants and fuels whose outstanding 
quality has won them widespread preference. For 
example — 


More revenue airline miles in ‘he 
U. S. are flown with Texaco Aircraft 
Engine Oil than with any other brand. 


For Texaco Products and Lubrication Engineering 
Service, call the nearest of the more than 2300 Texaco 
distributing plants in the 48 States, or write The Texas 
Company, Aviation Division, 135 East 42nd Street, 
New York 17, N. Y. 


DIVISION OFFICES 

HOUSTON 1, TEX. 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL. . 929 South Broadway 
MINNEAPOLIS 2, MINN. 300 Baker Bldg. 
NEW ORLEANS 6, LA., 919 St. Charles Street 
NEW YORK 17, N. Y. 205 East 42nd Street 
NORFOLK 1, VA. Olney Rd. & Granby St. 


1511 Third Avenue 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 
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